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Abstract : We tried to develop detection system of porcine reproductive and respiratory
syndrome virus(PRRSV) by in situ hybridization(ISH) in the piglets experimentally infected with
KPRRS-2, the Korean isolate(12 piglets) or Mn-1b, the American isolate(4 piglets), and in the
natural infection suspected 6 piglets.

Twelve 30-days-old piglets(two pigs per each inoculated group) were inoculated by nasal
instillation of KPRRS-2 virus(total dose 10*°TCID;,), Six piglets(one pig per each group) were
induced contact infection with inoculated piglets, during the experiment, and two piglets were
used as control. Inoculated or contacted piglets were euthanized at 1, 3, 5, 7, 14 and 21 days
postinoculation(DPT).

The respiratory signs such as coughing and nasal discharge were observed on day 3 DPI, and
ear cyanosis were on day 5 DPI, including contacted piglets. Through the necropsy, purple
discolorization of dorsal part of lung, and hypertrophy of local lymph nodes were observed. The
histopathological lesions of lung were interstitial pneumonia characterized by type 2 pneumocyte
hyperplasia.

We prepared the probe for ISH by RNA isolation from KPRRS-2, RT-PCR, and biotin
labeling.

We performed the ISH within only 1~2 hours using Microprobe™ capillary action system. As
the results, the strong red specific positive signals, means PRRSV distribution, was mainly
observed in the cytoplasm of alveolar macrophages. And also signals were detected in some type

2 pneumocytes and bronchiolar epithelium of lung, myocardium, liver, kidney, tonsil, spleen,
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gastrointestinal mucosa, testis and lymph nodes.
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RT-PCR.

MoOB

A A7) @ 3F7) FEL (Porcine reproductive
and respiratory syndrome ; PRRS)S EEof) A 2 Zof o}
AEoM 5E7) 4L Hole HAY AF vojya
B ABORA 198790 |FA H2T wao] o)
Hon, 1990dY o]F £ 5 AAAH o LA o]
BosEo] FEAA S E & FaUt

SHPUME 19939 A 5o} Hxg HHH s
Ko T %o] 199304 19949742 b B gAY
€ Foto] AAE FAH LA qgzAlA 538 17.6%,
AAE 625%9 A FAHEE e oY 1994 o) 4
19953l = F3d FAHE 22%, AAE 106%2 FA&

o] #238o PRRS7} FE£EE A E 24005
PRRS dfelg] =& Fel® g g} g940] &

0% straino] EAFH’, A ojE 2L AGY M E
Aol T strainEo] FAlo EAFE Ao Uy
7 o} E& Meng et al®& PRRS vjo)2j 29 3y 7

ZEZ AAAE ORF6S} ORF7Y] ojul At MY u)ZE
T 7 stain®] $UA S Hobg Ay, V]2 FY Ay
F Atolel & 96~100% FEZ FABIGA T H Y F ot
UA& B2 57~59%, 78~81% HEZ Ao]et g g
Woha doh .
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FHE AL gFEolm YRRy BIFE oF @
cell lineel| M9 A ctm stQon, <o) CPEE &
e BEFE #HY Aoz dged o8 o
frAEell PRRS £ 54& Al e 21709 cell line
& FA9 o] & of 3} ofl o] gl

PRRS djojej~ i a2y 9 242744 4
A BAA Aol f3dn. 23U By Mycoplasma

U9} S5 B AE S dod)E AEe] o o3zt
gol Eaty] g 2 Addo] BFAE AL Bo
o2 goh} BEY 22 e HE uE o] Ao @

252 7] gEo W 2R G Ag2A EHFsin
£ EAMe] gt

A dgl o] 853 9l PRRS slojg]x g 29 2
GHoE YA 2iehiygo] 45w e Y
A AgydE B9 HEAYe A d2AE AAY(m-
munoperoxidase monolayer assay)’3 7+H W9 33kx)

¥ (Indirect immunofluoescent assay; IFA)'®, £33 4} A3
(Serum neutralization test)”” ~12] 1 ELISA®S} 7+& uhy
sich 28y A& o] o] PRRS vlo]z 27} Wi
A L, Walel 483 Ho ute A 7te) EA7) v
2 YAAQ AYAEE gujstx] o F paired sera
S HE £ AR B5Hon £3 2} straind] HH
o] aa’, Hgo) Ay el FHe 340l
EAFE A ] A

A2 o5t Bopol BAMEHA S¥e $50] &
5= 72l PRRSY] Fdol & EXAYE3A 749
§80°] BIH 3 $1o] Reverse transcription 2 Polyme-
rase chain reaction(RT-PCR) 713} In situ hybridi-
zation(ISH) 7] 9*& o8& o] A7gm 9. &
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strain®] 7HE2 EEolu FE Fr|Mdd e
primerg o] 83t FA|d A FF straing HE L 5
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Z38ka1 )l= PRRS vhojgja A F 9 Ae o) 7+4
33 T straing FA o Agkad £ Qe
& APEA 719 dlde] AR Aot o]d)
A7 X E RT-PCRE o] &3t FEU7 MR
825 E cDNAE 24 3lo] ProbeE A 23} ISHE 4
#5to PRRS ol 2 9] £ & &8 113l 311

ISH 713 & 249 Jei& a2 fAEA A FY
Y& A e 1M 224 EF DNAY RNA
9 F7IMEE AE Aol oA ProbeE o] &3] 7}
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U 249 g A% ¢ dde FAA Hegas
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Mn-1bF 5 H8HF3d & 229 4% 37)9 23
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229 B¥E2 gotstm, tii}o}st ISH 7] & PRRSE
Zdsted Bt BolHol 1 7kHI 7P oz B3}
1A} &gk

Bolq &

e

g

i
H
L
o

Nol.

U U4

BA| doj2fA 2 Ao AL E vlojg Ak Syd
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Table 1. Experimental design of KPRRS-2 virus inoculation

ST A2 RE Roytol o] g3ttt
€ AN ofn] AE HFAH) o] &Y w2
Z9 Mn-1bF30(97} 10°TCIDgml)E 2Y7HEATA

o &1F HALR HE Bodo} o] &3k

s HEAY : AEY FFAEL dFEY
KPRRS-27 & o] §-8}¢f A A3}l

) AEHA Mo A%ed, 214 HAdg B3
A& Fated PRRS F424< 30939 2HE 20%
Table 11} Zo] =TS L¥ste gz T7jZos
Wrlen, 35 9799 w28 H43 &) Y
AgArrgetal Aot vlolgiae 2 $o 20t
Iml(§7} 10*° TCIDy/mlyH ®| 7o) HAste] HE3Q
on, zt 73 1A e §A AT 4 APFELe
HEF 19, 39,59, 79, 14, 2144 247} 3a}2]y o
FAAA 7 BNE JHse ddAggz ALgety
AV E 557 F4 20l QAFAE BEe
Rou, Aol Mgr Wy #Ar}

AR 2 AEAH 4 AYEe 4EF 1Y,
39, 59, 79 149 219 HEAAA durA B
Hel met ABHHE HA YL dE2Ee 42
HETY 4¥3d 224 R4& A8

HAzA 2 259 A4, 249, A9, 34499 $3%
AolM Ao He, F4, shtP Ay, APz,
T4 HZA, 9E3T €2, 3AE Y24 aga
A0 Hx A 2 42235 g4 7| HE R Y),
AZEAE 59, 4 9%, dH@T7 G473 29
dA g, &5 F& AHA2, 7ERIRA Y]
AR, T4, 8%, 43 2 4 vEde A389d.
olZA AHF 74 Are 10% A4 TELH uH3}
o, thg AAbe o] &3}t

In situ hybridization2 93t XX : Addgn 9
Agade] dFaAY 5§57 FHoE g 2
HE| gy 474 7134 HE428 2o PRRS 24
02 gHHNUY 4719 73 6vle] AEY HE v F
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ot
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Group A B C D E F control
Day post exposure 1 3 5 7 14 21

No. of inoculated piglets 2 2 2 2 2 2

No. of contacted piglets 1 1 1 1 1 1

No. of piglets 3 3 3 3 3 3 2
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AA%7)9 3 £ KPRRS2FE AP HF3Ho
L& 0t 2EY AF 37 % vFEEHFA Mn-1b
FE HAYHFEA L avte] AEY TETY 17,
ety Evjg 23 & o] &3] ISHE A AU

Probe ZH| : PRRS #4479 7% & 93 probeE A
237 S8 RNAE F&3te] A $HEL2 A4
-5-(reverse transcription-polymerase chain reaction: RT-PCR)
& AAN3te] cDNAE 2481 FEAAT.

1) Primer &4) : RT-PCRE 93} primer®] #] 22 Oli-
go 1000TM (BECKMAN)E o] &3t 14-& A3 e
™, primer:= Lelystad strain®] ORF1bo} &2 5= K92
4] RNA polymerase® §HAstet] st & HE
btk Sense:5-GACCCCGTCACCAGTGTGTC-3'(8749-
8768, Lelystad virus), antisense: 5-GTCCGTTCTGAAACCC
AGCA-3(8987-9006 Lelystad virus)™.

2)RNA 3% 9 AL FFE4 JHHERT-PCR) :
T} GAF oA F G KPRRS-2 vpole] 2 wjof
Ao 4 RNAZ £3237] 98 QlAamp® HCV kit
(QIAGEN Inc, USA)Z o] £3l4 nlo]z] 2~ RNAE F&
Ehias

Z %3 RNA 1.59) & ukgoo] 20p7} 5 =2 random
nanomer 1pl, 10XRNA PCR buffer (TaKaRa Shuzo Co.,
Ltd) 2pl, 25mM MgCl, 4pl, RNAase free D.W. 2pl,
RNAase inhibitor (TaKaRa Shuzo Co.Ltd.) 0.5p], dNTPs
mix(dATP, dCTP, dGTP, dTTP Z}z} 2.5mM) 8ul 18 1L
Avian Myeloblastomasis virus &2} ¢} AMV Reverse Tran-
scriptase XL(TaKaRa Shuzo Co.,Ltd.) 5 unitE #7}8+l o}
20p1e} ¥HE 42 30T A 102, 2TAA 602 FHA
b3 A7) & Reverse transcriptaseE 2#31A7]7] 98
99Tl A SEZF W AIF T o] FA §AE volzi 2
cDNAE template 2 3} PCRE& 4 A 35l h

PCR 4F-$-2 Thermal cycler(PerkinElmer, USA)o| A 3
F % 100p2 A AT GHAL g A AL 2019
HhS-dlo) 63509 W FF9, 25mM MgCl, 63, 10X ex-
taq buffer(TaKaRa Shuzo Co., Ltd.) 8ul, DNA polymerase
(Takara ex taq, TaKaRa Shuzo Co., Ltd.) 2.5 unit 28] 3. Z}
7} 20 pmole9] sense, antisense primer 1p1% A 7}3}§)ch.
predenaturationd 94T ol A 287481 2.1, denat-uration
& 94 A 30, primer annealing& 56T A 30% 1
2] 2L extension 72T A 123 A& st] 103 w53}
Ax 1 thgolE primer annealing SEE 55T A

30%, 54T M 302 2A 02 ¥Fo 247} 1034 vHe
AA F 303 FFAZD xR $F 3o 72T
A 1087t extension® A A3l PRRSHlo]#] A28 Eo
FHAE FEAAY.

RT-PCRY} Ao ¥EH g 2uE H3A 2% agarous
geldl loadingdt & 35V 2 3027 AVYEsd 2Zg
AES FAdBHT 223 RNA 32 3 RT-PCRE 4
Agte d34 T o9 FHF % J9E 01%
diethyl pyrocarbonate(DEPC)Z. ] 2] 3l} RNAaseo] o3t
RNAS] E3 & #4835t

3) Biotin 4] : PCRoj 98] FZ & PRRS nlo]z{ 29
cDNAJ| bioting ¥ = 3}7] el spun column(SUPREC™)
& o] &38td primers} oligonucleo-tidesE A A3 o1,
Biotin-Chem-Link kit (BOEH-RINGR MANNHEIN)Z o] &
3o bioting FAE T EAH pobe HF F=7}
400ng/mlo] == % Brigati diluent(Research Genetics)$}
Hybridizaton cocktail(americo®)ol] 5413} 01, A}43}7)
AR 20T 2@

In situ Hybridization :

1) In situ hybridizationg I3+ ZA A2 : 10% X4 ¥
2y 239 ¥, ¥4 59 24 ¢ getdd X
8te] S~6pme] WL THE F ProbeOn™ Plus slide(Fisher
biotechR)ol| ¥-2+3}43 in situ hybridization 2 g o] A}-&3}
At

2) AY AR : ISHE BAZ 4L o] &3t A%
531, pad Yol A4S AA}E 4 o8
MicroProbe™ capillary action system(Fisher BiotechR)& ]

£3tom, ISH AxAL 124zHhe] At
(Table 2).
Deparaffinization : Dewaxing agent(Histochoice™ clear-

ing Agent 1X, amrescoR)E AM-&3}o] 110 ol A 28271 &
st #A& 53] wHE-El 1 100% ethanolol] A SHA A
%, 23] WhE-8to] Dewaxing agentE A A3 BFAIA
.

Enzyme Predigestion : &3t} 3 224 M\ probe &7}
Y FA Bio] F =EFHEE gUEE F49
Pepsin(Research Genetics)ol| 1107, 222 vHg-A| 7o}
ZAH A Target
viral RNAS}l Probe ¢DNA9] denaturationg A3 A&
Prehybe Plus(Research Genetics)oll 110T 383+ uH-8-4]2)
T} & Biotinylated cDNA ProbeE& A 7}8tod 110 oA 28

Heat Denaturation & Hybridization :
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Table 2. Procedure for In situ hybridization

Step Reagent Cycle Time Temp
Deparaffinization Dewaxingagent 5 2 min 110¢C
Dejudratopm Auto Alcohol 10 1 wash RT
Protein digestion Pepsin 1 2 min 110T
Probe enhance Prehybe DPlus 1 3 min 110T
Probe /Tissue 1 I min 110T
1 15~30 sec RT
Preobe /Tissue ! 2 min 105
1 15~30 sec RT
Denaturation Probe /Tissue 1 0.5 min 105¢C
Hybridization ! 1 1 min RT
Probe /Tissue ) 0.5 min 951
Probe,/Tissue ! 2 min KT
1 0.5 min 85T
1 3 min RT
Probe/Tissue 1 0.5 min 85T
1 4 min RT
Washing 2 X §sC 4 5 sec RT
Peroxidase inhibition Auto Blocker 1 2 min 50T
Washing 2 X SSC 4 5 sec RT
Detection STREP-AP 1 10 min 50C
Chromogen enhancer Probe Lock 1 1 wash RT
Chromogen Stable fast TR/NP 2 10 min 50C
Washing Auto Wash 2 1 wash RT
Counterstain Auto Hematoxylin 1 1 min RT
Washing Distilled water 2 1 wash RT
Buffering Immune/DNA buffer 1 1 wash RT
Washing Distilled water 2 1 wash RT

"RT : Room Temperature.

7} denaturationA} 7] 1, 15~30%7F cooling, 105TC 2%
denaturation, 15~30% cooling, 105 303 denaturation 1%
cooling, 95C 30% denaturation 2% cooling, 85T 30%
denaturation 3% cooling, 85 30% denaturation 4% &<t
cooling »]# target RNAS} probeE hybridization A]7] 1,
HEo)H oz ZAYE probeZ AAEL EHoZ Post
Hybe Wash(2X SSC, Research Genetics)2 57t 43] 4] &
3t 3, Auto Blocker(Research Genetics)& 23] 4] & 8ho] 1]
914l peroxidaseE & A 314t}

Detection : Streptoavidin-alkaline phosphatase Detection
System(Research Genetics)2 ©]-&3}o] 50T 1027+ ¥hg
A7 0.2 X Target RNA9} hybridization® probe2] Biotin
3 AYHES ST

Chromogen : Chromogen& %H-3-A}7]7] Aol alkaline-
phosphatase®] ®71E Zt)A17]7] ¢ 3] Probe Lock(Chro-
mogen Enhancer, Research Genetics)& ] 2|3} %1 1. alkaline-
phosphataseo] g+ HAAE HAML Uehje Stable
Fast TR salt/Naphthol Phosphate(Research Genetics)E 50T
oA 1084 23] &AL 2M FAREE Ao ¥
B &2 &4 1, Auto Wash(Research Genetics)Z 28] 4
Aol 24A8 RYFe] BE Acke S5 AF3)
Aotk

Counterstain : 23] ¢] |7} 2 FH UL E Auto He-
matoxylin(Research Genetics)©. 2 tjy] GAsta] FFH
2 49 M &8y 2™ 1X Immuno/DNA buffer2 13] 43

& F A ZR50 20 $A%ET 250 AxHA
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%= 39 Uninversal Mount(Research Genetics)Z 2~34}
€ doj=g] $Ystn FHE o2 AUt
Controls : FANZZLZE AEH EH5EY TF
Genedl] g+ probe¢] Alu 1T mix(Research Genetics)E A}
fagon, &4 g2FoZAE PRRS uto]gj 2o 7
H & A ¥ negative control AHE ] ZHF A7 E o] &3
At £33 probeE Al probe 3414 cocktailtH-g AN
3o ISHE A A3 2 24 biotin-labeled probe ©] 2] 9] T}
2 8% 93 wautgo] JojitEA g FdH .

2

NEME MY -

1) 9454 : KPRRS22 HES A0 573498
A7 AEAAM A5 E B2% 2y 39 287 &
Aoz 713 2 £E0] FE3UARY BFHY o,
AE SYATEE 18 3F52¢0 943 33 F A
ZEH{G. A L ISE, AN Y 2 L Az e A

oI

27 Tase) SUAYH BBUGON B JEo|
AE E F99 243} $3E BRY AU 4E
7 6SAE A 19ALE TGS VWL E Rol

07t 2d Aol = A g 2F@0T o]hE veded, A
EZEA FolME 2YARE v 2d L BAY
T U tH(Table 3).

2) 7z4x4d A HEF3YA4 7
e 2, 44, a4 Ylﬂ%‘g"dﬂ
2 A He E'_EV“«] 7Zu g Wao] Basy) AFg
on, AF 5¥lle 1 AR7} AgHEA F2Y wS
F87HA B ¥ol Qtﬂﬂ‘ﬂ %}1}549\11 qE 24474
AL F2HARFig 1). FH HEZIME o # 3 H A

ol 5S4 FH ol 21%5‘“7}}] A&H QT BT F
T3 5YARHE FEFTH AETAA vy 4 F
9] MR slojz R ar 2GFA FEHE
Ao Has A7 HWdol AN BEHAG.

dof 24, 9 g2d aglx 54 gZde F
2 2L HF 194 BEH ] 2UANA A& A
&5jo] FAHN.

AW

3) 22 HIFF 19ARE 2944 HE, A
%, T4, HAYE BFelA e A4 oM A

E7F A8 A4 A £70) B2HAT. AFF A
2ol AgsE AFe A7} Ao 2
F94 9dE AolE UBA fgth A28 S| A4

+% 2y
=
—

g
A

Table 3. Clinical signs of piglets experimentally infected with KPRRS-2 and contacted with infected piglets

Inoculate Contact
ol Tt o e e i oo
1 /12t 0/12 0/12 0/12 0/12 0/6 0/6 0/6 0/6 0/6
2 6/10 0/10 0/10 0/10 0/10 1/5 0/5 0/5 0/5 0/5
3 2/10 4/10 1/10 0/10 0/10 3/5 1/5 0/5 0/5 0/5
4 1/8 . 5/8 1/8 0/8 0/8 1/4 0/4 0/4 0/4 0/4
5 1/8 3/8 2/8 5/8 0/8 0/4 0/4 0/4 2/4 0/4
6 2/6 1/6 1/6 4/6 3/6 1/3 1/3 0/3 2/3 2/3
7 0/6 2/6 0/6 4/6 3/6 0/3 1/3 0/3 3/3 3/3
9 ND™ 0/4 4/4 4/4 4/4 ND 2/2 0/2 2/2 2/2
11 ND 0/4 4/4 4/4 4/4 ND 1/2 1/2 2/2 2/2
13 ND 2/4 2/4 4/4 1/4 ND 2/2 0/2 2/2 2/2
15 ND 1/2 1/2 2/2 2/2 ND 1/1 0/1 1/1 1/1
17 ND 1/2 1/2 2/2 2/2 ND 0/1 1/1 1/1 11
19 ND 1/2 1/2 2/2 2/2 ND 0/1 1/1 1/1 1/1
21 ND 1/2 1/2 2/2 2/2 ND 0/1 1/1 1/1 1/1

* . fever over 40T, ** : not done,
+ : cither dyspnea or hyperpnea.

T : positive piglets/tested piglets,

+ : cither nasal discharge or coughing,
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X9 4 9 u3v g, HEFHY dHA
X9 A&7 FFo] v T 5o UATHFig 3). HE
T AE gAAREs AEH e 7 HAbgE
o] AU
HEF UIREE 209472 3ute] o] AZgxE
AT AT Aleld Gt AEE FHEHA.
HEF 1Yo FEH 21dA/ A I8 AEY 3o
A, HYEY Hk §9 dZx2HA %* d &4 ¢
Y7o Ao FAHYUATN 19l & 2 LAY F
e yue s ggtn
Rzl A%, w5 43
33 ¥yg a3 Zch
RT-PCR : cDNAE Z4 3}o] probe 2 A A-&3}7] ¢4
g% E2] 3¢ KPRRS-2 vloj 2] 2o A RNAS B lsd
RT-PCRE A A3 ZAi} 257bpe) FEAES B2 £
ARTHFig 2). T2 A9 FxE EAH HH §
355 243 23 34 260~280nm Afe] 9 X 2.4 ODgk
L 9L 4 9%lth. GenBank database S o] &3}l FEH
HE A9 LelystadF 9} Mn-109] H71 A E & vlaig 2
T 69%9] 4E& YERH AT
In situ hybridization : PRRS v}o]@j 20 0|88 Ao
2 A= Ade A 6nte] o} 25 KPRRS-
2 A¥AFA 7 12018 2ES 2+E #7] 9} Mn-1b
A7 7 4vte] A2 AZRFE F2TY
Ag %, gety Eojg 2AHAE o] &3t ISHE
g ot
ISH Z 3}, vlo
A}]H} KX ﬂtg =7}

ST

HAE AEAAA 5 §°1 1%51
7l

A7 E

Y
-i)l

g 49z

[ TR

>,

mgl%
>
L;ﬁ

AL} L A7IHA B
ATHFig 4). THY 7Bl Jl8A Ly e
A% 537 RN E GAMgo] B2 A ot
PRRS Hholeizo] 2ad 2o 445D 601
o) WzA% 3709 9% KPRRS24 % 120h8)2) o=
A3 1270 AZAANA Mald 43 avhele] A2HF
e Az H FHRSE AT+ Agon, 55
KPRRS27:9) HE2ATAHE F4e5ol wgw
2, A7) ATe] WE o FHWS Aol
o) glo] AE 1YY ZE A 4 A%
Fugo] BT,
ohe A71oA S A

n
2,

$e 42, 7 4%, HE,

» aly

% UEA, 488, 18 SdA BEHAH, A8
ol HWE #RHUY FrlE HE vk A2, A
A

Table 4. Demonstration of PRRS virus in different organs by

ISH
Tissue field cases KPRRS-2  Mn-1b infected
Lungs 3(6) 12(12) 3(4)
Heart 1(2) 10(12) 2(4)
Liver 3(6) 9(12) 1(4)
Kidney 26) 10(12) 24)
Tonsil ND” 7(12) ND
Spleen 2(4) 8(12) 0(2)
Lymph nodes 1(3) 12(60) 1(4)
GI tracts ND 14(24) 1(4)
Testis ND 2(4) ND

: Contacted group(3 piglets) included,
() : tested piglets.

** : Not done,

nz

ol A

o

PSS 2 HAFAY A2 &8
d GANE 2 FA QIR M BREHY
=3 “ﬂi«] MEA, 2749 AN =g Ao AE,
He] YE 7 (Fig 5) 2 HAZe
xﬂ_{(Fxg 7)9Jr A5 2] oA GAugol
AT ngolA o] G FA B Ateld
o FE3 GHANE BAMEY NEZHAGA BEY
T UATHFig 6). HFF A7t Aol WE Fr)d &
Ao Am ool 9le Aol & HolA gt
ol YAuES 2A T MES & 2R {4
8t HA] PRRS viojej 2 #ibel £XE A0 E e
i e, vojg 28 HFaA Fgd AR
9 ZE Ay| A Ao wAuSo) BEHA G
of FAMEY FHALE HEHA AASE G F A
ArhFig 8). T3 ISHY =& #A9 o4& #d
7] 9l THFY TF G71Agol e probeq! Alu
V2 ISHE A A3} 2t 229 dox] 9] FA4
S AT g AR e, FAHT] ALY 2A
k] probe T) Al cocktail & o] &3} ISHE A A3 A3 o}
Ty dae s 298 4 gt

o,
)

AR
2485
ks Z_

IS 3

4w (o
e

'

a

a4 447 2 557 FF

r—LI

uho) 2] 2(PRRSV)o] o}
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@ ONAZ 24esl 93 RTPCRE AAsigen,
Biotin©. 2 labeling 3} probeZ A 2315} AFAE=2
A} PRRSO] o] @€ Ao oise AdgAHAS ¢
#2159 KPRRS23-2 492942 AES 25 4]
o Mn-1b3E 4URENN AEY A2AL £22
of 2% ¥, dtH Eefd 2AHHEL o] &gt

ISHS} A 742 MicroProbe™ capillary action system3}
A 12020e] AN 24F A\l EAes
PRRS ulo] 329 &S AE3 024 PRRSE 4143}
I RAGEA A £ e NHo 2N ST

&= 225 KPRRS-2F 8 309% AE HF3o
Ad3de B 2R HF 2719 1973 713, v F
4 5FEd g #5F T 3EINFEH AY A
9 B B2 £ 34

gt ReElFE AYFE T B2

Astgom 2@ PR, vFY, §
vlojg{ 2o HEAHAN HEd 4F
FAEISIT
AEAE Az e g7 13 &% A
29 ATYANTY F4¢ BHo2aE AYAA
A4 HE S Y 7 USdE, ol 4iHH 22 PRRS
solgls AN BRYE 54 Yz 27
oA £ B AN nlo|zEeanty HEHY
Weg gAnE 7 ux BA4 AR 270 9% A
29 Ags FLGAN BEEHYE o AEFER
A ¥ E 5] A (conventional piglet)E ©] &3 EEEA
A dgagonz g oo A g A s
=23 gedo] Yol Ao 2 AZAL,

Rossow et al °2 gnotobiotic | A & o] &3}d v]= ¥
2| F9 ATCC VR-2332 dto] i 28 HEAEE 27 2
24 AR o9 FPxARH 27024 Y27
AL} cyst A F& ER o8 3HE Lymphadenopathy S}
39, 429 281 B39 A LA & (Perivascular
cuffing; PVC)S E4 02 3= HEE 7lestgalt, &
A ME 3ute] o) Ao A2go] #4d AL A
gt F2 93 e PHe BIA Y of
£ 3 57 943 go) 8% 257 6T pelF)
Hl& W Aol dobx H o] 9o ArloAE o] F
go] #2H7 g& AR Ardn

At 42 ¢k KPRRS-2 2 Mo-1b HFAE9 Hz23
$ Ao ISHE AAIF A3 o gAaAEAN Za

N
1]
e
o
o
3
i
o
tl
Hr
.l

N
O Olﬂ OIN
=

e

pY]

LA =

FANE S A2 S g, 97 28 ¥ AHAE

t | AT A FPeEE BEE
AT olF AP WAz Ay HToly
ISH**" %2 2alo} 5] 22N G ol HE
2743 dxstgen, ojn] & 4#{7 wpel Zo] PRRS
slolgj 29 Fd FANEZ: H gAMIYL FAG
T AR

AF7hA ¢zl PRRS vpojzi2 9o By rle A&
vl gate] Fa, 8, FxA, e, FA, AL, 3 A,
o, 2%, 38 Solu** ¥ 28, Falteo}, 8%, 4
A, gz YL, A, w, £ FAME wo]g 27t £
gy Aoz 434 Yo ol A zsd Y
20 ISHS 1o & A7)d wholglx £
AA A on, & AgdAe FA7 Hod A ut
olg| 27t Aol HA ¥ AL AYdtur IAHA
.

PRRS vlo]#l 2 ZHAA AEA ZHEF utole 28
Zol Hz 12AAA ZAE 56474, trhE 2897
A A7) B A&dE Aoz ¢elA ded”, o
3k A fFo wloly vt thFd =AW REZE
Ao ojfida Yo’ wE B AN HEF AL
o gt w2 kg9 Abolst felAo] gAY o
= PRRS Ho]3 2 7+ A 9] o]t £ HfEU Ao
2 olF s, ¢o g ur} A&3 PRRS Hiol 29 w
B71HE ol8latr] AsiA e 71zt Ao Eade
g A€

A o AAHAE o]9)e] thE A7 A Z o)A
vlolgl 27 FAHTE EAT FAE Yo Yoon e
al®o] ggo] AAMIEL MA 104 HEFZ o] &3}
npol 2 2 9] Arjujool A5 2 M PRRS vholg 27}
0g ArldME $48 & k= 740l AAEHA
o} i 9-7] Rossow ef al & FZAF YA %9
AxdA 2AALA4 DA oA ¥FA4 ¥4 (Poly-
cystic degeneration) 2] 1 T} 3 4| ¥ (Polykaryocyte)] &
Aol gaa i vpolg e 9718 FHFOEA
PAAE Bohe v e e JEA Ao AE ol
g7k S0 st o A, W F9 71N
T upolgl 27t FAHE AR FASGT = Hal-
bur et al 9] WA 2 A 3G Mo o vpole] 2 B
A2AY A% ol g A S AT AU &
Az g2A, 1, v 22 42789 2

- 800 -



Az 15 ew #48 BRFLEA voja2g 3
A UAE= 29 F YAtk
&+ Shin et al3 & nboprobe—~ o]%a} ISHE %s}oq

ool
= jo
C b
o M x
2 g
ot o
2
02 tlo
ox - o
e [
= gL
oo o @
2 o
=
e o,
o
i
i) b
2 -.\i
;g =
z o
7] ot
o i
=
2 ofN
T ol
ok
2

4y ox By rlr
ox
&

o ®
o)
e
g2
9
}.\]
rx‘l

AR

2 AN Ao 284, XY 43, A3
A A9 283 4HETY FAEY A2 2739 A
ool FAavkge] BAHYAT HAFRA 5 g
YUY E AN F OE dFAETNe A2 HeE @
A7 I YA EANAE FFuEE BFsG oy
Ao Ae #2HA Gydn 9z A, 7 A%
e e A ntn slestn Aoy F
AARJA =AW FEE 7]gst YA Fgon, 45
oA FAus S R Rue g oleid =
A volal A B X9 ato]= Larochelle ef al o] WA
ZAAMAYT ISH 7|y 9o (IZEE viw A3 A
2o} ISH 7] o] MGz 5 8 G vjs} (757}

¥7] W vhoj#
Hgo] 44 #FE Ao Azg
Z& NRAA dtolgxe el &1%’—5 A A Gl
wel ggon’, AN Fag vlolerg drx
zFo) 7} YA tH. o] = PRRS Hlo] & A7} 7} strainol uw}a}
HLA 9 zol7t Ag Aoz dHA ul'’g go] 7+ B
2 Fo) wel F7)d X% Aol7t A £ 9L Ao
2 2R Fglonzg 2 BT W Hdd 2 B
718 vjolglxe] BXef d¢ A/ o "astey 4
Zhd e}

#2Zd) RT-PCR™PE AAstAY EE o]§ F3ld
cDNAE #4151 cDNAE probe o]£3}a] Southern
hybridization™ ™ % ISH®YZ A algle] PRRSE ATt
sed $8% 27t gled o2 7HA staind] G g &
o] A ME & FE3A Z} staing 7HEFAY FE F
NIMEEAE FE3Y 7} steing FAO) AP® 7t
FHtn stk B AgodME on] LA &
PRRS Hho] 2l 22 RNA 2 4H56] 4 ORF 1be] o35 &
471N E*E 38t primerE 43k RT-PCRE A
Al3le] cDNAZ FA3DEA ISHE AAS A3 83

£ FA KPRRS2F & v £ F9 Mn-1bF HF
Az 2 2% ARG JAHEAD A
7t% ZA oA RS AEL 5 ATh

¥ A¥oA PRRS uo]gi29] HEd $439Y
ISH 7142 =329 Fg& Trx]?"?}tﬂ"i ZAY EH
DNAU RNA @7]4 Qe 2R stoldt 4 9= 790
B2A 249 A fHabe ‘““35}‘11 AN F Qe
ZFx o] glom, blot analysisell A B4 ¢l DNALF RNA
o F2AAY HrAF Y FHE AT & o

B2 ¥ uA HET NEEA FHAAE HE2E 5 9)

= gyolth 29 ¥2Udd uAHol dHd v

HARE AT F A7 giEe 2 RFL AP A5
A

ISH 7]r,§ Gall et al“oﬂ olstel 19699 % A&
28 Balds Aol Bitsta Ajzhe] ‘1%01 S
a9 o H2 Unger et al ®5} Park et al 7o) 9] 3o
capillary action systemol] 2|3+ 2} 53} A o] =Y EHA
1-2A 7o ISH7} 7H5 3 A o

ISHE AA3t=d oA 713 $ 23 AL target nu-
cleic acidg Eo|H o2 AZE3 4 91+ probed] 249
Aot 71D e Aojsh A2l ate} 20~50 base pairsQ]
oligonucleotide probe®*, RNA probe” 1831 &3 A} A
2% cDNA probe”2 UFrh Zolzt URE #E oli-
gonucleotide probe:= 22 & & Eds & UgEE
A¥E dod ey vy 7
AL BolAo] oy UREI WX BR 7Y HA
50~150 base pairsZ &} A glth T3 RNAS
probe = A}&3}& riboprobed] -0l = %_] 31 o] 3,5_173 o)
A RNA sl gde €4 d3snz
ade] AUBHOEE: o) go] oYTe

45

71—1] =18 H] E o]x%o

i

g Aol

1

2 P, °H, "C 59 #A4 23
digoxigenine,
modeoxyuridine, FITC 5-¢] o] £51 gloy AGEH o
2 ISHY S AANE 3% g ANgE At o=
7hgel] AN EAS 2 dHAl A7 Hof A
WAL B g R o) &3ta gt

Probe F A3}l £ &

7 w]ALAl ]l Biotin, photobiotin, bro-

ISH e AZW 48 e 04489 94 2
F3ed $493 o} wold 2 AT $9 A4
A%, 444 A8} FFAA FA47 9AA B 5

- 801 -



A Gl A2 trapsiation 31+ mRNAS] ZAZd] o] &5 1
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Legends for figures

Fig 1. Necropsy findings of piglet infected with KPRRS-2 virus (14 days postinocualtion: DPI) showed multifocal coalescing discolor-
ization of dorsal diaphragmatic lobes, and enlargement and hemorrhage of thoracic lymph nodes. The suspected lesion of myco-
plasmal pneumonitis was observed in margin of apical and medial lobes.

Fig 2. Ethidium bromide-stained 2% agarose gel showing KPRRS-2 viral cDNA amplified by RT-PCR. Lane 1: marker ladder ({DNA/
Hind I fragment), Lane 2 and 3: 257bp RT-PCR amplified product in duplicate.

Fig 3. In situ hybridization on lung tissue section from KPRRSV-2 experimentally infected piglet(5 DPI). Interstitial pneumonia was
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Fig 4.

Fig 5.

Fig 6.

Fig 7.

Fig 8.

characterized by mononuclear cell infiltration and type 2 pneumocytes hyperplasia. Hematoxylin counterstain, X 100.

High power view of demonstration of KPRRS-2 viral genomic evidence by ISH. Red positive signals in the cytoplasm of al-

veolar macrophages from experimentally infected piglet's lung(3 DPI). Hematoxylin counterstain, X 1,000.

Hematoxylin counterstain, X 400.
fected piglet (3 DPI). Hematoxylin counterstain, X 400.
X200.

toxylin counterstain, X200.

1 &8

. Dial G, Parsons T. SMEDI-like syndrome(EMC?). Am-
erican Assoc Swine Pract Mtg, Des Moines. Oral
presentation. 3/5-7, 1989.

. Zimmerman J. A survey of the American Association
of Swine Practioner for the presence of mystery swine
disease herds. MSD Com Mtg, Bloomington:Lives-
tock Conservation Institute. Oral presentation. 4/9-11,
1991.

. Lindhaus W, Linhaus B. Ratselhfte sweinekrankheit.
Der Praktiscbe Tierarzt , 5:423-425, 1991.

. Meredith MJ. Review of porcine reproductive and
respiratory syndrome. Pig Dis and Info Center. Cam-
bridge. July, 1992.

. Shin JH, Kang YB, Kim YI, et al. Sero-epidemiolo-

gical studies on porcine reproductive and repiratory
syndrome in Korea. VECARO , 4: 99-106, 1993.
Kang YB, Shin JH, Kim YJ, et al. Sero-ep-
idemiological surveillance of porcine reproductive and
respiratory syndrome (PRRS) in the Republic of
Korea in 1994-1995, in proceedings . 14th Int Pig Vet
Soc. The Bologna , P80, 1996.

. Yoon KJ, Zimmermann JJ, McGinley MJ, et al.

8.

Detection of PRRSV on the cytoplasm of mononuclear cells in splenic redpulp from naturally infected piglet with PRRSV.

Red positive signals were observed on the interstitial cells and infiltrated mononuclear cells of testis from experimentally in-

Detection of PRRSV on the chief cells of gastric mucosa from experimentally infected piglet(7 DPI). Hematoxylin counterstain,

Negative control for ISH, no positive red signal was observed on gastric mucosa from PRRSV non infected normal piglet Hema-

Failure to consider the antigenic diversity of porcine
reproductive and respiratory syndrome (PRRS) virus
isolates may be lead to misdiagnosis. J Vet Diagn In-
vest , 7:386-387, 1995.

Bautista EM, Goyal SM, Collins JE, et al. Sero-log-
ical survey for Lelystad and VR2332 strains of por-
cine reproductive and respiratory syndrome (PRRS)
virus in United States swine herds. J Vet Diagn Invest
5:612-615, 1993.

9. Meng XIJ, Paul PS, Halbur PG, et al. Phylogenetic a-

10.

11.

12.

- 803 -

nalyses of the putative M(ORF 6) and N(ORF 7)
genes of porcine-reproductive and respiratory syn-
drome virus (PRRSV): implication for theexistence of
two genotypes of PRRSV in the USA and Europe.
Arch Virol , 140:745-755, 1995;.

Rossow KD, Collins JE, Goyal SM, et al. Patho-
genesis of porcine reproductive and respiratory syn-
drome virus infection in gnotobiotic. Pigs. Vet Pathol ,
32:361-373, 1995.

Blaha T. Epidemiologic investigations into PEARS in
Germany:consequences in fattening pigs. in proce-
edings . 12th Int Pig Vet Soc. The Hague , P126, 8/17-
20, 1992.

Christianson WT, Joo HS. Porcine reproductive and

respiratory syndrome: A review. Swine Health and



- 804 -



NUNRE——

- 805 -



13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Production , 3-4:10-28, 1994.

Wensvoort G, Terpstra C, Pol JM, et al. Mystery
swine disease in the Netherland: the isolation of Lelys-
tad virus. Ver Q, 13:121-130, 1991.

Benfield DW, Nelson E, Collins JE, et al. Charact-
erization of swine infertility and respiratory syndrome
(SIRS) virus (ATCC VR-2332). J Vet Diagn Invest , 4:
127-133, 1992.

Kim HS, Kwang J, Yoon 1, et al. Enhanced re-
plication of porcine reproductive and respiratory syn-
drome (PRRS) virus in a homogeneous sub-popula-
tion of MA-104 cell line. Arch Virol, 133:477-483,
1993.

Bautista EM, Goyal SM, Yoon I, er al. Comparison
of porcine reproductive and respiratory syndrome
(PRRS) virus and anti-PRRS antibody. J Vet Diagn In-
vest , 5:163-165, 1993.

Kobayashi H, Morozumi T, Miyamoto C, et al. Myco-
plasma hyorinis infection levels in lungs of piglets
with porcine reproductive and respiratory syndrome
(PRRS). J Vet Med Sci, 58:109-113, 1996.

Yoon 1J, Joo HS, Christianson WT, et al. An ndirect
fluorescent antibody test for the detection of antibody
to swine infertility and respiratory syndrome virus in
swine sera. J Vet Diagn Invest, 4:144-147, 1992.

Frey M, Eemisse K, Landgraf J, et al. Diagnostic test-
ing for SIRS virus at the National Veterinary Service
laboratories(NVSL). American Assoc Swine Pract
News , 4:31, 1992,

Albina E, Leforban Y, Baron T, et al. An enzyme-
linked immunosorbant assay for the detection of an-
tibodies to the porcine reproductive and respiratory
syndrome (PRRS) virus. Ann Rech Vet, 23:167-176,
1992.

Wensvoort G, De Kluyver EP, Luijtze EA, et al. An-
tigenic comparison of Lelystad virus and swine in-
fertility and respiratory syndrome (SIRS) virus. J Ver
Diagn Invest , 4:134-138, 1992,

Suarez P, Zardoya R, Prieto C, et al. Direct detection
of the porcine reproductive and respiratory syndrome
(PRRS) virus by reverse polymerase chain reaction

23.

24.

25.

26.

27.

28.

29.

30.

31

- 806 -

(RT-PCR). Arch Virol , 135:89-99, 1994.

Mardassi H, Wilson L, Mounir S, et al. Detection of
porcine reproductive and respiratory syndrome virus
and efficient differentiation between Canadian and Eu-
ropean strains by reverse transcription and PCR am-
plication. J Clin Microbiol , 32: 2197-2203, 1994.
Kim YJ, Kang YB, Kweon CH, et al. Charact-
erization of porcine reproductive and respiratory syn-
drome (PRRS) virus isolated in the Republic of Korea.
in proceedings . 14th Int Pig Vet Soc. The Bologna, P
53, 7/7-10, 1996.

Larochelle R, Mardassi H, Dea S, et al. Detection of
porcine reproductive and respiratory syndrome virus
in cell cultures and formalin-fixed tissues by in situ
hybridization using a digoxigenin-labeled probe. J Vet
Diagn Invest , 8:3-10, 1996.

w8, AR YA B 088 FIH AW
A A28 AHAYEASE EP@T A5
3)), 1-34, 1991.

Park CS, Manahan LJ, Brigati DJ. Automated Molec-
ular Pathology: one hour In Situ DNA Hybridization.
J of Histotech, 14;4:219-229, 1991.

Crabb ID, Hbhes SS, Hicks DG, et al. Nonradioactive
In situ Hybridization Using Digoxigenin-labeled oli-
gonucleotides. American J Pathol , 579-589, 1992.
Kweon CH, Kwon BJ, Lee HJ, et al. Isolation of por-
cine reproductive and respiratory syndrome virus
(PRRSYV) in Korea. Kor J Vet Res, 34:77-83, 1994.
Yoon 1], Joo HS, Goyal SM, et al. A modified serum
neutralization test for the detection of antibody to por-
cine reproductive and respiratory syndrome virus in
swine sera. J Vet Diagn Invest, 6:289-292, 1994,
BAT, 248, 833 F. = £ porcine repro-
ductive and respiratory syndrome (PRRS) viruse] 2l
A9 Asd 2% 7 FEAAFATA, 3
9-20, 1995.

. Pol JMA, van Dijk JE, Wensvoort G, et al. Patho-

logical, ultrastructral, and immuno histochemical
changes caused by Lelystad virus in experimentally in-
duced infections of mystery swine disease(synonym:

porcine epidemic abortion and respiratory syndrome



33.

34,

35.

36.

37.

38.

(PEARS)). Vet Q, 13:137-143, 1991.

Rossow KD, Collins JE, Goyal SM, et al. Patho-
genesis of porcine reproductive and respiratory syn-
drome virus infection in gnotobiotic pigs. Vet Pathol,
32: 361-373, 1995.

Halbur PG, Miller LD, Paul PS, et al. Immunohisto-
chemical identification of porcine reproductive and
respiratory syndrome virus (PRRSV) antigen in the
heart and lymphoid system of three-week-old colos-
trum-deprived pigs. Ver Pathol, 32: 200-204, 1995.
Magar R, Larochelle R, Robinson Y, et al. Im-
munohistochemical detection of porcine reproductive
and respiratory syndrome virus using colloidal gold.
Can J Vet Res , 57:300-304, 1993.

larochelle R, Margar R. Detection of PRRS virus in
paraffin-embedded tissue: comparison of immunohi-
stochemistry and in situ hybridization. in proceedings .
14th Int Pig Vet Soc. The Bologna , 78, 1996.

Shin J, Torrison J, Kang YB, et al. In situ localization
of porcine reproductive and respiratory syndrome
virus in boar tissues. in proceedings . 14th Int Pig Vet
Soc. The Bologna , 57, 1996.

Park NY, Kim SJ, Chi YT, et al. Diagnosis of porcine
reproductive and respiratory syndrome by in situ hy-
bridization with non-radioactive probes. in proce-
edings. 14th Int Pig Vet Soc. The Bologna , 81, 1996.

39.

40.

41.

42.

43

44.

45.

46.

Ohlinger V, Haas B, Sallmuller A, et al. In vivo and
in vitro studies on the immunobiology of PRRS. Am-
erican Assoc Swine Pract News , 4:27-28, 1992,
Edward S, Roberrson IB, Wilesmith I, et al. PRRS
(blue-eared disease) in Great Britain. American Assoc
Swine Pract News . 4:32-36, 1992.

Herrington CS, McGee JO. Diagnostic Molecular
Pathology A Practical Approach Vol I, Principles and
basic methodology of DNA/RNA detection by in situ
hybridization. Oxford University Press, 69-102, 1992.
Gall JF, Pardue ML. Formation and detection of pre-
partions. Proc Natl Acad Sci USA , 63:387-383, 1969.
Unger ER, Brigati DJ, Chenggis ML, et al. Au-
tomation of In situ hybridization : Application of ca-
pillary action robotic workstation. J Histotechnol , 11:
253-258, 1988.

Crabb ID, Hbhes SS, Hicks DG, et al. Nonradioactive
In Situ Hybridization Using Digoxigenin-labeled oli-
gonucleotides. American J Pathol , 579-589, 1992.
w4 In Situ hybridizationg ©]-8 % mRNAS] 7
Z. AR A 2Ry FASeu ] Y24
S(A ), 23-25, 1992.

ub3ka= The future of Biotechnology in diagnostic
pathology. A1 *} B2} A& A3y 22J(H
g&tw o3} tfgl) 55-67, 1991

- 807 -



